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Introduction
With advances in modem medicine

and the control of infectious diseases in
the middle of this century, injuries have
emerged as the principal threat to the
health and welfare of children and adoles-
cents.1'2 However, only in the past decade
has a surge of interest, policies, and
resources been aimed at prevention.-25
Surveillance and research to enhance our
understanding of factors associated with
injuries and the processes by which they
occur are critical to control and preven-
tion.3'6'7 Vital statistics regarding fatal
injuries are regularly collected at the time
of death; Intemational Classification of
Diseases, 9th edition (ICD-9), E codes are
used in compiling these statistics.89 Even
though the incidence of injury morbidity
greatly exceeds that of injury mortal-
ity,'103 data on nonfatal injuries have not
been routinely available to determine
similar nationally representative inci-
dence rates and associated risk factors.

Several surveillance systems (e.g., the
National Electronic Surveillance System
and the Fatal Accident Reporting Sys-
tem) collect injury data targeted toward
specific causes or populations. The State-
wide ,Childhood Injury Prevention Pro-
gram of Massachusetts has provided esti-
mates of the relationship between fatal
and nonfatal injuries.1011 Reports from
emergency rooms, trauma centers, and
hospital sources provide valuable informa-
tion but have limitations due to sampling
sources.'3 Quantifying the national experi-
ence and identifying risk factors and
possible determinants with a view toward
injury prevention and control require a
reliable source of national data.

The Child Health Supplement to the
1988 National Health Interview Survey
(NHIS) included questions on the circum-

stances, causes, and impact of all medi-
cally attended nonfatal injuries for a
representative sample of US children and
adolescents.14 These data permit the
derivation of national estimates of nonfa-
tal injury rates and examination of the
relationships between childhood injuries
and sociodemographic, health, and behav-
ioral factors also collected in the Child
Health Supplement. This report presents
a summary of the epidemiology of injuries
among the US population 0 to 17 years of
age based on the 1988 Child Health
Supplement data.

Methods
The NHIS uses a complex multistage

probability sampling design and continu-
ous household interviews throughout the
sampling year to obtain a representative
sample of the civilian noninstitutionalized
population residing in the United States.
The 1988 survey was completed in 47 485
homes throughout calendar year 1988; the
response rate was 95%. From each survey
family household with children, one child
17 years of age or younger was selected for
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the Child Health Supplement sample
according to a predetermined probability
of birth order. The Child Health Supple-
ment sample included 17 110 children
and adolescents (the overall response rate

was 91%). This represented 64 million
children in the United States after the
poststratification variables of age, race,

and sex had been weighted to adjust for
nonresponse. Weights adjusting the data
to reflect the actual probability of national
estimates were applied according to age,

race, and sex (based on the current US
census estimates of the population in
1988).

The Child Health Supplement col-
lected information regarding social and
economic characteristics, acute and
chronic conditions, restricted and limited
activity, physician contacts, and any other
health care use. For each child, the closest
adult, usually the mother, was asked
whether the child had experienced one or

more instances of accident, injury, or

poisoning during the preceding 12 months
that required medical attention. For each
reported event, the parent was asked to
specify the cause, the place where it
happened, and the consequences that
resulted from it.

On the basis of the short description,
trained coders classified each reported
injury by cause using ICD-9 E codes.8 For
analyses of injuries by cause, E codes were
grouped into categories. For example,
skate, skateboard, and pedal cycle injuries
were grouped together, because of the
similarity in the nature of the activities, to
form a subgroup large enough for analy-
sis. Injuries were classified as severe if
they resulted in hospitalization, loss of
activity, or absence from school for at
least half a day or if they required surgery

(including bone setting or stitches). Inju-
ries not meeting these criteria were

classified as minor.
Because of possible bias or underesti-

mates resulting from recall over a 12-
month period, we analyzed injury rates by
time elapsed between the occurrence of
each reported injury and the interview. As
expected, estimated annual rates for all
injuries declined linearly (from 24.4 per
100 children for a 1-month period to 14.7
per 100 children for the 12-month period)
as the interval of recall increased. When
analyzed by severity, the rates of relatively
minor injuries showed the largest decline
in magnitude (from 17.4 per 100 children
for a 1-month recall period to 10.2 per 100
children for the 12-month recall). Severe
injuries had relatively stable rates across

recall periods. Consequently, results pre-

sented here were also analyzed by severity
of consequences. Coefficients were de-
rived to adjust for the loss of reported
injuries due to 12-month recall bias; this
procedure provided estimated rates that
would be expected on the basis of the
1-month recall interval.15 The detailed
rationale and methods for such adjust-
ment have been reported previously.15 To
estimate annual injury rates for the US
population, we applied coefficients adjust-
ing for length of recall to injury rates for
those subgroups of sufficient size for
stable estimates.

The adjustment procedure increased
the standard errors for estimated rates by
fourfold to sixfold. The confidence inter-
vals (CIs) for mean adjusted injury rates
were a function of the combined observed
variance of the reported injuries, the
mean number of injuries for 1 month, the
mean number of injuries for 12 months,
and the covariance for each of the

preceding three rates. (The footnote*

presents the adjustment procedure and
derivation of the confidence intervals for
the adjusted means.) We did not attempt

*In calculating confidence intervals for the
means adjusted for recall, we designated XI as

the mean of half the sample with 1-month
recall (extrapolated to annual rates), X12 as the
mean of half the sample with 12-month recall
(extrapolated to annual rates), Y12 as the mean
of the full sample for the 1-year data, andA as

the adjusted mean (12 months of data adjusted
to 1-month recall), whereA = Y12X11X12.

From a first-order Taylor's expansion, it
can be shown that Var(A) = Var(Yl2X1/X12) is
approximately equal to the following formula:

[Y12/X12 -XlY12/X12 X1/X12]

[XI Y121X12

COV X12 -XIY2/Xl22

_Y12- XI/X12

With this approximation of the variance

of the adjusted mean, 95% confidence intervals
were calculated as follows:A + 1.96 Var(A)1/2.
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TABLE 1 -Injury Rates and Standard Errors for Total, Severe, and Minor Injuries
among US Children, by Gender and Age Group

Rate per Rate per 100 Children
100 Children SE Adjusted to 1-Month Recall SE

All injuries
Gender

Male 19.6 0.56 32.4 3.48
Female 12.9 0.51 21.2 2.40

Age group, y
1-4 14.7 0.77 31.7 5.16
5-9 14.5 0.71 19.7 2.49
10-13 17.8 0.93 24.0 4.30
14-17 22.5 1.00 36.9 6.73

Total 16.3 0.37 27.0 2.22

Severe Injuries
Gender
Male 7.2 0.39 11.0 1.90
Female 4.4 0.33 6.5 1.40

Age group, y
1-4 4.4 0.37 11.1 2.49
5-9 5.4 0.41 7.1 1.94
10-13 6.4 0.53 6.7 1.66
14-17 8.7 0.74 11.5 3.25

Total 5.8 0.27 8.8 1.28

Minor injuries
Gender
Male 12.4 0.47 21.2 2.91
Female 8.5 0.39 14.6 2.08

Age group, y
1-4 10.2 0.67 20.8 4.33
5-9 9.1 0.62 12.6 2.20
10-13 11.5 0.76 17.6 4.10
14-17 13.8 0.78 24.4 5.42

Total 10.5 0.32 18.0 1.81
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to adjust for outcomes of multiple sub-

groups that occurred with low frequency.

Results

A total of 2773 injuries requiring
medical attention were reported for 2335

children during the year preceding the

interview. The 347 children with multiple
injuries were similar to those with only 1

injury in terms of age and severity.
However, a greater proportion of those

with multiple injuries were male (67% vs

60%;P < .001).
Table 1 presents overall rates by

gender and age group. Unadjusted rates

ranged from 12.9 per 100 children for the

1- to 4-year age group to 22.5 per 100

children for the 14- to 17-year group. The
0- to 1-year age group was not included

because this developmentally appropriate
group did not present the opportunity for

1-year recall. The overall estimated ad-

justed injury rate was 27.0 per 100

children (ranging from 19.7 for the 5- to

9-year age group to 36.9 for the 14- to

17-year group). Adjustment for loss due

to recall resulted in a 65% increase in the

overall estimated rate. The adjustment
increased the estimated rate of injury the

most for the 1- to 4-year age group
(152%), and the least for the 5- to 9-year
age group (31%). In the same fashion,

adjustment increased the estimated injury

rate for minor injuries by 71% and in-

creased the rate for injuries classified as

severe by 52%.

Gender andAge

Boys had a significantly higher risk of

injury than did girls (risk ratio [RR] = 1.52,

95% CI = 1.37, 1.68). Adjustment to the

1-month rate did not change the magni-
tude of the risk ratio (1.52,95% CI = 1.10,

2.11). When examined with age as a

continuous variable (data not shown),

unadjusted injury rates were lowest for

infants less than a year of age but then

increased and remained relatively stable

until adolescence, when rates for both

genders increased. In nearly all age
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TABLE 2-Rates per 100 Injuries, by Location and Cause

Total
Recreation/ Other/ Estimated

Home School Street Public Building Farm Unknown Frequency

Motor vehiclea 0.176 0.015 0.709 0.052 0.040 0.061 668 887
Location, % 16.71 1.43 67.39 4.90 3.79 5.77 100.00
Cause, % 2.45 0.48 36.00 2.71 23.18 3.18 6.46

Pedal cycle/skatesb 0.519 0.044 0.678 0.235 0.033 0.125 1 038 417
Location, % 31.76 2.72 41.52 14.37 2.00 7.64 100.00
Cause, % 7.22 1.41 34.43 12.34 18.97 6.53 10.03

Sports/recreationc 0.252 1.096 0.020 0.523 0.006 0.088 1 262 796
Location, % 12.71 55.19 1.02 26.35 0.30 4.44 100.00
Cause, % 3.51 34.83 1.03 27.53 3.45 4.61 12.20

Fallsd 2.017 0.941 0.158 0.480 0.013 0.178 2 407 515
Location, % 53.26 24.85 4.16 12.67 0.35 4.71 100.00
Cause, % 28.09 29.90 8.00 25.24 7.68 9.33 23.26

Struck/cute 2.447 0.669 0.149 0.404 0.034 0.356 2 580 158
Location, % 60.29 16.48 3.66 9.95 0.84 8.77 100.00
Cause, % 34.08 21.25 7.54 21.25 19.91 18.61 24.93

Burnsf 0.318 0.003 0.000 0.024 0.008 0.031 244 116
Location, % 82.79 0.81 0.00 6.20 2.16 8.04 100.00
Cause, % 4.43 0.10 0.00 1.25 4.82 1.62 2.36

Animal bites/stingsg 0.394 0.018 0.124 0.031 0.023 0.074 422 248
Location,% 59.39 2.65 18.66 4.72 3.40 11.18 100.00
Cause, % 5.49 0.56 6.29 1.65 13.13 3.88 4.08

Poisoningh 0.345 0.020 0.000 0.000 0.000 0.065 273 261
Location, % 80.29 4.59 0.00 0.00 0.00 15.13 100.00
Cause, % 4.81 0.63 0.00 0.00 0.00 3.40 2.64

OtheF 0.712 0.341 0.132 0.153 0.015 0.934 1 453964
Location, % 31.14 14.92 5.77 6.67 0.67 40.82 100.00
Cause, % 9.92 10.84 6.70 8.02 8.85 48.84 14.05

Totalestimated 4 564957 2001 035 1 252 097 1 208618 109446 1 215209 10351 362

frequency116106 1740.0Location, % 44.10 19.33 12.10 11.68 1.06 11.74 100.00

aE800-E825, except for pedestrian & pedal cycles; E827, E829, E840-E847.9, E929-E929.1, E988.5-E988.6.
bE800-E807 w/.3, E810-E825 w/.6, E826, E848.
cE828, E831, E838.4-E838.5, E883.0, E886.0, E917.0, E927.
dE833-E835, E843, E880-E888, except for falls in sports; E929.3, E987.
eE916, E917, E917.2-E917.9, E918-E920, E986.
fE890-E899, E924, E929.4, E988.1-E988.2, E925.
gE905-E906.
hE85G..E869, E929.2, E980-E982.
iE800-E807 w/.2, E810-E825 wi.7, E91 1-E915, E983, E830, E832, E910, E984, E950-E959, E960-E969, E833-E838, E900-E904, E907-E909, E921-
E923, E928.8-E928.9, E929.5-E929.9, E970-E978, E985, E988-E988.1, E988.3-E988.4, E988.8-E999.
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groups, boys experienced higher rates

than girls, with the greatest differences
being in the adolescent years (13 to 17
years of age). Boys 13 to 17 years old were
about 1.85 times more likely than girls to

be injured (95% CI = 1.54, 2.21).

Seventy
Results by severity for each age

group (Table 1) showed that the youngest
children experienced both the lowest
overall rate of injury and the lowest
proportion of serious injuries (17.7%).
Conversely, adolescents 14 to 17 years of
age experienced the highest overall rate
and proportion of serious injuries (38.7%).
Adjustment for loss due to recall resulted
in higher rates of both severe and minor
injuries for all four age groups. However,
the 1- to 4-year age group increased
proportionately more, and, after adjust-
ment this group did not have significantly
lower rates than the older age groups for
either minor or serious injuries.

Socioeconomic Status

Higher levels of mother's education,
family income, and health care coverage

were positively associated with reported
injury rates. The injury rate for children
whose mothers had more than 12 years of
education was 17.5 (per 100 children)
(95% CI = 16.1, 18.9), while that for
children whose mothers had less than 12
years ofeducation was 11.6 (95% CI = 9.9,
13.3). The rate for children in families
with an income of more than $40 000 was
18.1 (95% CI = 16.5, 19.8), and the rate
for children in families with an income of
$10 000 to $24 999 was 13.1 (95%
CI = 11.7, 14.5). Finally, the rates for
children in families with health insurance
coverage, Medicaid coverage, and no

health insurance coverage were 16.8 (95%
CI = 15.8, 17.7), 12.3 (95% CI = 10.1,
14.5), and 9.8 (95% CI = 8.2, 11.3),
respectively. However, with adjustment to
1-month recall rates, the suggested trend
involving these factors, although still
evident, was not statistically significant.

The distribution of injuries (unad-
justed for recall) by cause showed signifi-
cantly higher rates of injury associated
with bicycles, sports, falls, and being
struck or cut in Whites than in Blacks
(data not shown). Families at the highest
income level (>$40 000) reported more

bicycle and sports injuries than those with
incomes under $25 000. All other causes

of injury were similar for all income
groups, and the lowest income groups
(<$10000 and $10000 to $25000) did
not experience rates of injury above those

of the higher income groups. Respon-
dents with health insurance reported
significantly more injuries associated with
bicycles, sports, falls, and being struck or

cut than those with no insurance and
more injuries involving bicycles and sports
than those with Medicaid coverage.

Location and Cause

Rates and total estimated injuries
are presented by location and cause in
Table 2. For each location, the total
number of estimated injuries for the US
population to 17 years of age is given in
the row of totals at the bottom. For each
cause, the estimated number of injuries is
given in the last column. These estimates
were not adjusted for recall period be-
cause the number of injuries for each
separate cause and location was too small
for stable estimates. Almost one half
(44%) of injuries were reported to have
occurred in the home, and about 19%
were reported to have occurred at school.
Falls and being struck or cut accounted
for approximately half of all reported
causes, and injuries involving sports or

recreation, bikes and skates, and transpor-
tation also accounted for a considerable
proportion of injuries.

The four principal locations of inju-
ries by age and gender are shown in

Figure 1. Since 62% of injuries occurred
at home and at school (Table 2), the high
frequencies of such events occurring in
the home at young ages and at school in
adolescence reflect where children spend
most of their time and engage in most of
their activity.

The age distributions were very differ-
ent for the six principal causes of injury
shown in Figure 2. For all causes of injury,
boys tended to have higher rates than
girls, especially at the older ages.

The proportions of reported medi-
cally attended nonfatal injuries by cause

are displayed for each of the four age

groups in Figure 3. For purposes of
comparison with fatal injuries by cause,

percentages of deaths resulting from
injury for the same year (1988) are

included by age group. The same ICD-9
E-code groupings were used for both fatal
and nonfatal injuries. The proportions of
nonfatal injuries by cause differed consid-
erably from those of fatal injuries. In no

age group were the three most frequent
causes for nonfatal injuries the same as

for fatal injuries. In the 1- to 4-year age
group, falls and being struck or cut far
exceeded all other causes, constituting
more than half of medically attended
nonfatal injuries. Bums represented about
8% of nonfatal injuries but caused about
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FIGURE 1-Injury rates for four selected locations, by age and gender.
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FIGURE 2-Injury rates for six selected causes, by age and gender.

one third of the fatalities and were the
leading cause of death. The two leading
causes of nonfatal injuries in the 5- to
9-year age group were, again, falls and
being struck or cut. However, injuries
associated with bikes and skates were also
relatively frequent. In the same age group,

pedestrian and motor vehicle accidents
were the major causes of fatal injuries. In
the 10- to 13-year age group, nonfatal
injuries from sports were almost as com-

mon as those from falls and being struck or
cut. Motor vehicle accidents accounted for
less than 5% of nonfatal injuries but were
the leading cause of fatal injuries. Finally,
in the 14- to 17-year age group, sports-
related accidents were the leading cause of
nonfatal injuries, but motor vehicle injuries
far exceeded all other causes of death.

Discussion
These data improve on previous

efforts to provide nationally representa-
tive estimates of nonfatal medically at-
tended injuries in childhood by cause and
location.'0"l6'8 Previous reports have esti-
mated that one fifthl6 to one fourth"7"8 of
children and adolescents in the United
States experience an injury requiring
medical attention each year. An analysis
of the 1981 NHIS, using a 2-week recall
interval estimated an incidence of 24.3
injuries per 100 children per year,'7 and
the Statewide Childhood Injury Preven-
tion Project, involving 14 communities in

Massachusetts, reported an annual rate of
22.4 injuries per 100 children requiring
hospital admission or emergency room

visits.10 These findings from the 1988
NHIS Child Health Supplement reveal
that medically attended injuries occur in
at least 25% of children annually. One
third of these injuries are serious and
require surgery, bed restriction, and loss
of school or normal activity for 1 day or

more. Thus, the adjusted rate of injury
from the 1988 Child Health Supplement
is consistent with the findings of Galla-
gher et al.,10 Barancik et al.,16 Harel,'7 and
other population-based studies.19-21

In this study, injury rates varied
considerably by gender, age, and location.
At virtually all ages, boys had higher
injury rates than girls for all locations and
most causes. These findings are consistent
with those of other studies and analy-
ses.1017,20-23 The pattern of injuries re-

flected activities associated with the stage
of development for specific subgroups.
For example, bicycle and skate injuries
occurred almost exclusively during the
elementary and middle school ages, the
periods in which children are most com-

monly engaged in bicycling activities. The
shift in location of injuries from home to
school in early adolescence (Figure 1)
reflected changes in behavioral conditions
and the amount of time spent in each
respective location.

According to the annual medically
attended nonfatal injury rates estimated
in this analysis, 16 614 000 children and
adolescents experienced an injury in 1988.
Strategies for prevention of injuries have
been proposed by various injury control
workers and programs.2428 Although a

detailed analysis and projection of pos-

sible reductions of unintentional injuries
based on existing and potential strate-
gies29 is beyond the scope of this discus-
sion, the proposed national objective27 of
an 11% reduction, if successful, could
avert approximately 1.9 million injuries
per year. Identification of risk factors,
environmental and psychosocial determi-
nants, and other factors should facilitate
and enhance these potential reductions.

The distributions of nonfatal, medi-
cally attended injuries differed dramati-
cally from those of fatal injuries in
children and adolescents in 1988. It follows
that determinants and causal factors for
fatal injuries may differ from those for
non-fatal injuries treated in emergency
rooms and other ambulatory care settings.
Because the causes of fatal and nonfatal
injuries may or may not be similar, this

study cannot provide conclusions regard-
ing common causal mechanisms.

The adjustment for recall signifi-
cantly raised the estimated rates of inju-
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FIGURE 3-Percentage distribution of nonfatal and fatal Injuries for four age
groups, by cause.

ries for all ages; however, the effect of
adjustment for this loss was not uniform
across subgroups. The 1- to 4-year age
group showed the greatest adjustment for
recall and the highest proportion of minor
injuries, which may reflect the concern of
parents for injury events occurring to
infants and young children. As shown by
Harel17 and Rivara et al.,30 the tendency
over time to discount or forget less serious
injuries and to remember more severe
injuries probably results from the fact that
parents are more likely to recall those
injuries causing substantial disruption of
daily activities.

Since parents were the reporting
source for most subjects, intentionality
would frequently have been unknown or,
in some instances, purposefully underre-
ported. Thus, the reporting of violent or
intentional injuries was likely to be under-
represented and was of limited value in
this survey.

Although death rates from injuries of
all causes are inversely related to socioeco-
nomic status,29'31'32 the Child Health
Supplement data show that nonfatal in-
jury rates were either stable or increased
with increasing maternal education, fam-
ily income, and access to health care.
Similarly, Wagener observed that working
Blacks reported fewer injuries requiring
medical attention than working Whites.33

July 1995, Vol. 85, No. 7

These socioeconomic and racial differ-
ences are probably the combined result of
care-seeking behavior, access to care, and
a reporting bias. However, the possibility
that nonfatal and relatively minor injuries
are also positively associated with socio-
economic status is suggested by the
elevated rates of bicycle and sports inju-
ries reported here for children in families
with an income above $40 000. Another
analysis of these data showed that lack of
medical care coverage (health insurance
or Medicaid) has the effect of decreasing
the total rate of reported medically at-
tended injuries by as much as 30% relative
to rates for children without coverage.-4

In summary, this report presents an
epidemiological overview of the basic
frequencies and distribution of nonfatal
injuries experienced by children in the
United States. These data provide a
national reference or perspective for
other studies on specific injuries, causes,
or risk factors. More extensive analyses
focused on the associations and interac-
tions of specific risk factors, such as family
use of alcohol, psychosocial determinants
of injury, socioeconomic factors, and
sports injuries, are planned, are under
way, or have been published.35- 6Explora-
tion of risk factors and their interactions
and relationships with injuries can contrib-
ute new hypotheses regarding causal and

Epidemiology ofInjuries

modulating factors and ultimately lead to
the development of new interventions for
prevention of injuries. D
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